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Report of Dr. Cole and Dr. Avery (ass$sted by Drs. Beeson, Dubo.s, Goebel, Good- 

ner, Hoaalend, Horsfall. Hotchkiss, YacLeod, Reeves, Stillman and Thompson). 

Serum trep tment of nneumonia (%cLeod, Goodner, Beeson, rnd Uoagland) 

Since the use of unconcentrcted ant1pneumococcus rabbit serum “‘TS begun tTro 

years ego, 75 cases comprising infecttons due to 11 types of ,oneumococcus 

have heen tren ted in the hosoital. Of these 7 hpve died, P mortality rate of 

9.H. Until fairly recently ncleqwte Flnounts of Type III anticneumococcus 

rabbit serum hove not been available end if 011 cases due to this tyoe pre 

excluded, the mortality rate falls to S.26?. 

Pn attempt has been made to obtain a larger number of ‘lype III 

patients in order to test the usefulness of anti?neumococcus rebblt serum in 

infections due to this type. It vrould a’,pear thrt in P certain proportion of 

ceses, adequate amounts of serum given early in the ‘disease y-411 induce ranid 

disappearance of the acute symptoms in much the same l”ay rs occurs vith pneu- 

monia due to other types. The greeter variability in the course of Type III 

pneumonia, however, particularly in respect to infections occurring in young 

end old individuals makes the results of therapy difftcult to assess. Thus, 

in cases occurring before the sixth decade, the disease tends naturally to 

run e much less maligwnt course. I . < 
The skin test r4th the homologous type specific capsular oolysac- 

charide has been extended to patients with jnt’ection due to Pneumococcus 

Types II, III, and VIII in addition to ‘&pe I and bs Isroved. in most insfencee 

to be an accurate meens of determining rrhen sufficient serum has been given. 

The difficulties associated rrith this test are due to occasional false nos- 

itive or false negative ref ctions. The confusion resulting from false pos- 

itive reactions can be avoided, as ‘7~ s previously found 1-3th the Type I poly- 

saccheride skin test, if the patient’s reactivity to the intradermally in- 
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jetted polysecchnride is determined before the injection of serum is begun. 

The information gained from freouently repected s!cin tests hrs wde it 303- 

sible to give the optimum thereoeutic dose of serum over a shorter period 

folloaing admission than "8s ?ossi',le previously. 

The length of time consumed in rdministering the necessrry thera- 

peutic amount of serum has P striking effect unon the duration of acute symp- 

toms, since termination of the disease by crisis can occur only vlhen suf- 

ficient antibody has been given, or the patient's ow defense mechanism has 

gained the upper hand. The traditiowl method of administering Fntioneumo- 

coccus serum hpa been that of divided doses over P variable wrfod of time, 

until evidences of subsidence of the acute nrocess hrd occurred, or .o qosi- 

tine s?*in test to the homologous capsular colys?cchPride h?d n xxP?ed. Dur- 

ing the prst yesr pn attempt hrz been mgde to administer the full therapeutic 

dose of serum in a single intravenous injection '7s soon rs ,,ossible follovv- 

ing the admission of the wtient to hosnitP1. PO crses, distributed among 

nine types of pneumonip hPve been so tre:lted -3th unconcentrated antipneu- 

mococcus rabbit serum, In these cases the average elwsed time from the 

beginning of theram until the termination of the rcute symptoms hFs been 

only 8.6‘ hours. The uniform success of this method of serum administration 

is conditioned by the need of Pccurote knor!ledge of the Entibody cont.ent of 

the serum used, end the severity pnd extent of the infection from ylhich the 

patient is suffering. 

Antipneumococcus rabbit serum (Goodner). Reports submitted in 

previous years have dealt y?lith the rationale of anti,)neumococcus rabbit ser- 

um in the therapy of human lobar cneumoniP pnd y.rith the first results of 

clinical trial. The oresent account mcy he rewrded as P 'wogrcss note. 

The present status of the prohlems -7hich ore nor' in the foreground is con- 

sidered -6th reference to chnnees *%ich hPve occurred T.:ithin the year. 



142 

Clinical results: Sere oreFred in this laboratory have been used 

in the treatment of lobar oneumonias F ssociated 16th r’neuaococcus Types I, II, 

III, IV, V, VI, VII, VIII, IX, XIV, XVTTI, XTX, rnd XXVTII, Sera for cer- 

tain other types ,pre no**’ PVC ilable. Fxcept 79th T.pe III the results have 

been exceptionally good ;nd have justified the theoretical deductions T-Thich 

led to its use. 

‘“ith ‘&T,Je III 7ncuqonirs the results are still regarded as incon- 

elusive. It is difficult to produce serum of good titer and the supnly hes 

heen somev!hR t limited. It is P curious contradiction thrt certain cases :-ith 

positive blood cultures have reslonded in excellent fashion to the adminis- 

tration of this serum chile others admitted to the hospitE I4.th negative 

blood cultures have not responded and the course of the disease has been 

terminated by deo th. Certain of the-e theraneutic failures hrve been as- 

sociated with conditions beyond the scope of serum ther?!>y but there re- 

mained P curious paradox, Observrtions m.?de during the course of the ?res- 

ent pneumonia season may, hol.*ever, furnish the clue necessary for the solu- 

tion of this problem. A lcrge number of eersons are normal cwriers of this 

type of pneumococcus Pnd it seems to he associated 4th bronchitis in some 

instances, It seemed not unlikely, therefore, that vrhile this type of gneu- 

mococcus might be predominant in the sputum another type ml ght serve as the 

actual infecting agent, A somewhat similar instance hes been observed in 

the experimental animal, v&,: Qpe III pneumococci are not highly virulent 

for the rabbit but if the tissues are prepared, as for example by extracts 

of other types of pneumococci, the vpe III becomes exceedingly virulent. 

Consequently a vigorous; search has been made for type pneumococci other than 

III in these clinical cases. In seven instances, or approximately 7S.per 

cent of the so-called III cases, Fnother type cneumococcus has been discovered 
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and five of these ca ses have been trer t,ed P s of t.he concomitant ty?e . These 

cases heve recovered, ‘No cases of mixed infection y.Tere tre? t.ed as Type 

rnd both died. It is undoubtedly true that ‘&pe III can infect alone and 

that it can cause death but the foregoing observrtions bid fair to shed con- 

siderable light on the apparent failure of the s?ecific serum to benefit 

certain proportion of these cases, The solution probably resides in most 

careful typing and the apglicetion of this rule: V’hen T:pe III end one other 

pneumococcus type ere present in the swtum the other type ?neumococcus should 

be regarded as the inciting agent. 

Toxicity of rabbit serum: Methods have been develoyed y.hich great- 

ly reduce and in most instances entirely eliminate the toxicity rssocieted 

!-rith ran antipneumococcus rabbit serum. These methods pre simole pnd in- 

expensive and It is gratifying to report that other laboratories -r?lich have 

employed these methods have been uniformly successful in the nroduction of 

non-toxic serum. 

Standardize tion of serum: The auestion of standardization of 

entipneumococcus serum is much too com$iceted to elaborate in this re*>ort. 

It may be said, however, that the only hope for logical doss ge is that a 

satisfactory method of standardization be achieved, Great progress has 

been made in this direction and this laboratory is collaborating vith state 

and federal agencies in a plan leading to the edoption of suitable standards 

and methods for standardization. The sera in this laborn tory are evo luated 

on the basis of Fctunl antibody content. 

Amounts of serum rectuired to bring about recovery: Yith accurate 

evaluation of serum potency it is no?:’ possible to study the factors I-Thich 

in one oatient require that a very large @mount of serum be used y*phile in 

another permit adequate therew 4th small a:nount,s. It i s obvioua the t 

amount is determined partly by the severity of the infection but the capacity 
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of the individual to utilize the passively conferred antibodies is even more 

imoortent. This laboratory hf s developed a considerable experience in the 

evaluation of the Focalled host factors in exoerjmental infections. This 

l.:ork had been undertaken rlith the idea that it might some day become useful 

in the clinic. Vuch to the satisfaction of ~11 concerned 7 direct annlica- 

tion of these findings has been discovered and it ‘?ay be expected that +thin 

a fey: t.leeks an accurate dosage scale 1-1.11 he ~v~flnble for use in most cases 

of lobar pneumonia. 

The use of cslci.um chloride in the rel?.ef of chills follol.inq 

ontipneumococcus serum therapy (Beeson rnd Hoapland). The occesiowl oc- 

currence of chills follol9ng serum edqlnistre tion has to some extent inter- 

fered I-lith the vfidespread adoption of serum theraw in pneumonia. Because of 

the inadequacy of the palliative measures employed in the trw tment of such 

chills, an attempt was mrde to find an agent l.::hich rrould alleviate them. In 

P consideration of chemical substances l,hich *?ight prevent or allevio te 

chills, calcium chloride, ov+ne; to Its effect in relaxing smooth muscle, 

seemed a good possibility, 

To date, 109 calcium chloride solution in amounts from S to 20 cc. 

has been administered intravenously to 16 patients, during chills folloTting 

antipneumococcus serum therev. The results obtrlined have been encouraging. 

In 11 cases (Sl@) there FPS complete relief, subjective :nd objective. In 

7 casa8 (3sd) there ws only partiP1, or transient relief. Five of the pe- 

tients in the latter group had received epinephrine during the serum admin- 

istration and it is possible that this accounted in part for the poor result 

obtained with calcium therapy , since calcium and e-inephrine are Bnosn to be 

antagonistic. Calcium chloride is not considered e dangerous therapeutic 

agent, except in those patients v!ho have received digitalis. 
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Studies are nap! in progress as to the mechanism of this rction of 

calcium, also in regard to the possibility of a similar effect jn chills due 

to other causes. 

Serum lipids in pneumococcal pneumonia (HoPqlond). That blood 

lipids play en important oart in certain acute infectious processes is in- 

creasingly evident as more exact technical procedures for fat estimation be- 

come ave ilable . Of these, cholesterol has received the most emphasis. LP te- 

ly, horrevcr, varl.etion in the total lisid pattern in various diseases has 

engaged considerable F ttention. 

Cholesterol has long been knol:m to possess marked antihemolytic 

properties against olea tes , pneumococcus hemptoxin pnd tetonolysin, and both 

early and recent wrkers have found a marked droo in the cholesterol level 

during acute infections, rlith return to normal vrlues during early conval- 

e scence . 

The early l:!ork of Christian in shoving vrst stores of oleic fatty 

acids in the stage of grey hepatization, and the l.fork of Lemc?r in shoring 

accelerated lysis by immune sera of pneumococci treated 79th ainut.e amounts 

of sodium oleate, attach considerable importance to the role of lipids in 

the recovery from pneumococcal pneumonia. 

The present study eras undertaken in order to gain some idea of the 

blood lipid pattern in pneumococcal pneumonia, and to correlate, if possible, 

the change in blood lipids with the onset, course, and convalescence in the 

disease. 

Observations presented in this summary q-‘ere made on the serum 

lipids of ZS patients aith lobar pneumonia, rith analvses at three day in- 

tervals, covering the disease in most instances from its onset, through its 

course to convalescence. Total lipid carbon values have been obtained in . 

all cases, together tnith a smaller series in 91ich the unsaturetion, as 



reflected by the serum iodine uQtrl-e, end c’rolest.erol v?lu- s, free and cnm- 

bined, hnve been determined, 

‘licro-qirsometric techniclue, P fter the l.lethoc! of “irk, E)r Fe, wd 

Vc?n Slyke, modified by Folch-Pi, l’ns used throughout. Serua iodine r bsorp- 

tion deter7inftiox-a *.ere crrricd out : ccordinc to the ?ethoc? of P?,ye, Pr s- 

ternRk rnd Burt. 

Pnplysis of drtp reverls in nil cases o wrl-ed droll in serum 

lipid carbon, cholesterol rnd unwturrted fatty r cids during the onset of 

pneumococcsl )neumonir , -9th t return to norrwl during conwlescence. The 

;nost marked drop, P >?enrs to be in the cholesterol est.er fraction, I.llich in 

neny innlxnces fplls to less thPn half the norarl or convrlcscent level. 

Free ctiolesterol wlues pre not nimj ficatly rltered, ?~ich is pprticulrr- 

ly interestinr in the ll~ght of recent. ~~orb by %erry **‘IO errs Fhle to shqv 

P rewrkrhle con?tpncy in the ratio hetpeen free rnc’ er,+.er ctiolesterol in 

norm?1 individwls over on extenc’ed oarioc? of time. The trll in serum 

unspturction P J-PP~S to orrpllel the dro9 observed in tot-.81 li>?d wrban 

rnd cholesterol ester, pnd to return clliite rs ?ro!notlv to the convalescent 

lelrel. 

Jltbugh dc tp rre inco>n >letc et ;>resent, it ould o-nepr th? t 

the period of +w,~olipemis. in FeumoniP is considewhly shortened by the 
i 

early institution of serum therprg. 

Irs en expqple of the chpnses observed in the kerur! lipids during 

the onset, course pnd conwlescence of meumonie, Pn?i$ee in b-0 cF’&?s 

Pre presented FS follor!s: 



Ca se Day of Total li?id Cholesterol Unsn tux tion 
disease ce rbon Free Ester Total Yg , 1~ /lOO cc, serum 

Prrly se- 2 412 40 140 100 392 
rum pdmin- 5 100 38 71 109 240 
istra tion 8 31? 43 180 223 363 

11 418 46 19s 241 412 

Un- 
treated 

I 
/ 

g 3e7 JO 152 162 320 
374 ?2 95 12.7 31s 

8 338 38 70 98 308 
11 277 28 133 150 290 

I 

Certain prooerties of the C-reactive substance sresent in the 

blood during pneumonie and other infectious diseases (Pqrery and TV cleod) . 

Earlier studies from this laboratory hrve sho7.n that, during the active 

stwe of lobrr pneumonia there +s delionstrable in the blood, P subst.snce 

r*hich yields P prccl?itot.e +en F dilute solution of th- “Cl’ carbohydrate 

of Pneumococcus is added to prti.ents’ serum. The ?reciyitrhle substance has 

been detected in serum obtained vlithin 4 to 12 hours after the initial 

chill. The greci$ttjtion reection rerl?ins wsitive t’wouqMut the course 

of active disease and becomes neg,qtlve .-it? the onset, of recoverv. ?a tients 

in vhose blood the reactive substance is demonstrable develop E character- 

istic skin reaction follo+ng the int.roder:nal injection of 0.1 mg. of the 

test carbohydrate , In a lerge series of patients studied, the results of 

the cutaneous and precipitation tests are in close agreement and both re- 

actions parallel in striking manner the clinical course rnd outcome of t.\e 

disee se. Thus, the Tresence of tllis substance in the circulation during 

the acute disease and its absence in convelescence are in turn correlated 

rith the activity ,nnd ternlinetion of the disease orocess in man. 

It rras soon found, honever, that the orinciqles involved in t.hese 

reactions are not restricted morely to oneumococcrl infections. bn identi- 

cal substance, or at least one chemically so simi.lor :*s to be enually 
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reactive rith the same test carbphydrate, is present in the blood during 

the acute chase of certain infectious diseases caused bv rgents other than 

Pneumococcus. For example, in rheumatic fever, bacterial endocerditis, 

oulmonpry tuberculosis pnd P number of other infections, there exists in 

the blood r substance ~::U.ch is serologiwlly the s?me as that found in pneu- 

mania . It a?penrs, therefore, thrt the reactions described :lre not spec- 

ific !!ith reference to the etioloqical incitrnt of the infection but repre- 

sent rather a nutunl interaction of F selective crrbohydrrte 4.th the re- 

active substance common to mrny infections of unrelr ted etiology. TlliS 

substance possesses the :>roperty of combining +th the test crrbohydrrte to 

form a arecipitate. 110 other btcterlal suwr t’lus frr tested bps heen found 

to precipitate the material in reactive serum. It ~111 be recalled that the 

l’Ct’ carbohydrate is nresent in the cell body of cl1 forms of xleumoeocci 

irrespective of their tvoe derivation. Plthouyh chelnically less r-e11 de- 

fined, this carbohydrate differs mrrkedly from the c: psulrr .?olysaccharides 

in containing nhosphorus and oentose but no uranic acid constituent in the 

molecule, 

Pttempts are being made to isolate the rerctive substance from 

serum and to determine its chemiwl nature. On fractional precipitation of 

patients* serum Ath amnonium or sodium sulphnte, the active material is 

carried along rrith the serum albumin , the globulins being l-holly inert. 

From a solution of the albumin it is precipitated together Pith the portion 

of normal albumin removed by 2/E! saturation. On remowl of spits by dialysis 

et neutral or slightly alkaline reaction, the active substance xeci.pltates 

from the solution of inert elbumin. The material recovered is ective 13th 

lVCtl and has the follor!ing properties; it is soluble in dilute alkali pnd 

physiological saline; insoluble in -*ptt.er and dilute acids; it is readily 

denstured and inactivrted at hydrogen ion concentrations more rcid than pH 6. 



The extreme lability of the active substance differentirtcs it fro> the normal 

blood proteins but renders difficult its isolation rnd Jurificrtion in active 

form. 

From reactive human serum the substance csn be ourntitctively 

?reciAtrted by the addition of ooti?lPl nnlounts of the cFrbohy’rFt,e. Cn the 

besis of its knor-n wooerties, tec’?nioues rrc bein? deviced to dissocirte 

the Pctive material from the “Cc’ nrecioitnte. The forrnetion of P nrecinitpte 

is condItIoned by the oresence of calcium in the rerction-svst.em, since no 

precI?it,rtion occurs on rdding the cnrbohydrpte to reective serum fron +ich 

the wlclum bps first been removed. On t.he reeddition of minute twces of 

&Cl2 to such serum, the active suhstpnce sg?in oreci States in the Tresence 

of the test sugar. 

The C-yrecipltsble suhstrnce bps not yet been ohtrlned in P suf- 

ficiently ourified form to justify any conclusion PS to its nature. Yor- 

ever, on the basis of its nitrorlen content (14g) rnd certain other orooer- 

ties, it is tentatively wqrrded PS P protein and one not normcllg found in 

the blood of herlthy individwls. 

York on the wrification of this int.erestin!: suhstence and a 

study of its chemical and entigenic pro,>erties pre heinq actively m-sued. 

One would like to knorr it,s oric;in and fate in the animal body; Its possible- 

significance in relation to certarn menifestiPtion of disease; Fnd the 

chemical groupings involved in the nrecinitetion rep&Ion ‘yith “C”. The 

interpretation of the qrecinitation and skin rwctjons in terms of rnticen- 

antibody union is difficult for the follor*inq reflsons: the rwctiyre sub- 

stance is demonstrable not, only in pneumonia but in diserscs not rlssocipted 

-,ith pneumococcus infection ; it is present in the blood errl:? in the course 

of disease, long before s*,ecific rntibodics rre dewnstrrhle, rnd it disep- 
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pe?rs from the circuletion durinq convalescence, P time V1len Pntibodies ere 

usuelly found in highest concentration. Thus, the time of FweF wnce end 

disP?,leerPnce of this substnnce I.-rjth respect to the occurrence of kcF:n 

Pntibodies is corn Jletely reversed; this toyether r*itG the 1~ c?r of specifici- 

ty, the pssociption of the rwctive substance 14th the albumin r2 ther then 

vith the globulins of serum, pnd +.he imnortcnce of calcium in t!le ,reci-A.te- 

tion reaction ere facts not easily reconciled 13th the orthodox conceptions 

of pntinen-rntibody phenomena. 
. 

h:numococc?l crrrier state in neokotic children (YkcLeod wd Farr) 

‘lost of the depths occurring: in children 4th neohrosis ?re due to pneumococ- 

wl peritonitis. A study hrS heen mrcie of the Tneuaococci carried in the 

naso-nhclywx of such wses, in order to deterprline +ether oer5 tonitis is 

caused by the strain or streins of oneumococcus carried in the ?Ftient’s thrOFt, 

or crhether it is due to the ncouiaition from P crrricr of pn invrsive strain 

of pneumococcus. The first su?>osition hr s been found to be moat l?enerrlly 

true. 

In all the cases nhich developed perstonitis the same type of 

pneumococcus her3 been recovered from the throat nnd the peritoneP1 cevityh 

The longest period from the first isolation of P strein of meumococcus ft)om 

the throat until peritonitis due to t,he same type occurred, vas three months, 

Although children who recover from peritonitis rwy cprry the ih- 
i ‘ _t I’ 
vading strain in t’leir throat for as long as P year afterwrd, in some in- 

stances specific agglutinins may not be demonstrable in the blood serum. HOF- 

ever, the development of specific egglutinins does not .wcrrntee freedom from 

peritonitis, since the serum of one patient r-ho died shop yed soecific agglutin- 

ins rgainst the invcding organism on the dPv the f?tPl !.nfection becan. 

Children %o do not develop ?eritonitis, Pnd r-ho recover from 

hephrosis, tend to shop* more variation ii the ti.ves of xeumococci cprried 
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in the nasophwvnx. Thus 2n .mcouired stwin lay be r:ther aufckly lost or 

re?loced by P different strain. 

The role of nucleic rcid in the structure rnd i'7mllnolo?icrl behpv- 

ior of the pneumococcus cell (Dubos rnd Thomson). The preperoti.on of P ribo- 

nuclease from animal tissues rnd its effect on hept-killed oneumococci. It 

has been described in F previous report thFt leucocrtes contrin F hert resis- 

trnt enzyme capable of attrcl:ing Ipilled >newococci. The enzyme hrs been 

Jurified by P techniaue based on the folloT.ling pro:>erties; a) it is soluble 

in SO? ecid acetone, but precipitrtes from this medium nn rddition of more 

acetone, b) it can be subjected to boiling temperature between r>H E rnd pH 

6.5 Tithout any loss of rctjvity. The wrest preyrption so frr aw+lable 

contains 127 Ilitroy(en rnd O.F;Sf P'losnhorus. 

The only soluble suhstrrte found to be rttacked by the enzyme is 

ribonucleic acid, +ich it de?olymerizes. 

"hen heat-killed oneumocacci rre resuspended at neutral reactton 

in the presence of the enzyme, they slo-.tiv lose t?leir *affinity for the basic 

dyes although this chance is not accompanied by Fny evidence of cellular dis- 

integration. Under these conditions the killed cells of enwpsulated ,oneu- 

mococcl lose the pol*er to stimulate in rabbits the Jroduction of 

specific antibodies directed against the crpsulcr ?olysrccharide 

in other rfords the ribonuclease inactivates the cspsular antigen 

pneumococci. / 

the type 

of the cell.% 

of virulent. 

. 

The extraction of ribonucleic acid and of P ribonucleoprotein from 

pneumococci. Although pneumococci ore killed 4thin r fey1 seconds in an pee- 

tate buffer at pH 4.2, they retain -In this C ccid medium their Cram positive 

character; l.*hen the same cells, ho*ever, pre seppwt.ed from the ecet,?te sol- 

ution and resus,,ended at neutral rwction, they slol.rlv undergo r chpn?e from 
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the Gram positive to the Gram negative state and at the same time lose their 

affinity for the besic dyes, Two of the substances v!hich cre released in sol- 

ution in the course of this change, have been separated and identified. One 

fraction is soluble in dilute rcetic acid but insoluble in HCl, it contains 

14% N and 7.7S5 P and is decomposed by the ribonuclease described in the 

preceding section of this report, This substance is a ribonucleic acid. 

Another fraction is preciaitated at pH 4.2 and remains insoluble 

in stronger acids; it contains 14#. IJ rnd 47 I?. The \igh nhosphorus content 

is due to the presence of ribonucleic acid in th: molecule. This nucleic 

acid is combined n:ith R orotein w!lich is deficient in aromatic amino-acids 

and in sulfur end l'nich may thcrcfore belong to the group of ?rotamincs or 

histones. 

The rcleasf: in solution of nucleic acid and of nucleoprotcin, which 

takes place when pneumococci killed at pH 4.2 are rcsuspcnded in neutral 

solution, is a phenomenon common to both F and S variants, irrc?spective of 

type derivation. In the case of the cncapsulatcd cells, thcrc is observed 

at the same time a loss of the ability to stimulate rabbits to produce the 

specific antibodies directed against the capsular polyseccharide. It ap- 

peers, therefore, that when the ribonucleic acid of the keumococcus cell 

is Rttecked by ribonuclcnse, or when en injury to the collulPr structure el- 

lows it to diffuse into the medium, the crpsulr?r rntigen is pt the enme time 

inpctivpted. Nothing is known, hoTnever, of the nature of this relationship, 

It may be mentioned here thet P study is being made of the imrnuno- 

logic?1 properties of the nucleoprotein fraction rclersed in solution arhen 

the cell changes from the Crem positive to the Crrm negntive state; definite 

cvidcnce hrs been obtained thFt this frplction, l+cn injcctcd into experimcntrl 

enimyls, cr'n produce immunity to infection c*ith virulent pncumococci; this 

protection is not type SpC!C-ifiC :nd tho :,nt,igcn cpn indeed bo prcpprcd from 



rough as 1~11 as enceosulrted pneumococci. So little is known of this llhe- 

nomenon, however, that a detailed description is not IpTarranted at the oresent 

time. 

Structure of Type III 3neumococcus oolvs?ccharide and rldobionic 

acid (Goebel, Reeves and Hotchkiss). The capsular oolysocchcride of Type 

III Pneumococcus is .a macromolecule constituted from IInits of an aldobionic 

acid linked 'in glycosidic union. In addition to its property of conveying 

virulence and type specificity upon the orgrnism from v.rhich it is derived, 

the copsulnr polysaccherides, w!hen injected into certrin species, induce 8n 

0 ctive Pntipneumococcal immunity. Becruse of these importRnt bjologicel 

properties '4'8 hrve found it desirable to estrblish the constitution of the 

rldobionic acid from v+tich the polysacchrridc of Pneumococcus Type III is 

constituted. In collaboration rrith Dr. 1Iotchkiss V:C have sho7.n thrt the 

;ldobionic acid is 4 a-glucuronosido-glucose ?nd hrs the follovling struc- 

tural formula: 

Since this sugar acid is the uranic acid of cellobiose, the disec- 

chrride unit from which cellulose is constituted, lbre have termed the Pneu- 

mococcus Type III aldobionic acid cellobiuronic pc!d, The relationship of 

the crpsul~r polysncchoride to cellulose is obvious. 

The position of glycosidic union of crldobionic ncid units to one 

Pnothcr in the intact polysrcchPride molecule is being investigated lxith the 

Pssisixnce of Dr. Reeves. %en the cnrbohydrrtc is methylrtcd rlith methyl 

sulfrte Fnd rlhli, F fully methylrted derivative is obtained l:!hich still 

retains the property of reacting in rntinneumococcus serum. This fact 
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reaffirms the concept expressed in earlier renorts tha% the union of poly- 

saccharide to homologous antibody is primarily through the corboxyl group of 

the former. The identification of the products of hydrolysis of the methyla- 

ted polysaccharide is under investigation and vi11 yield information definite- 

ly establishing the complete structure of the specific polysaccharide itself. 

Synthetic antigen containing cellobiuronic acid (Goebel). Al- 

though antipneumococcal immunity can be induced in certain species, including 

man, by immunization with the intact soecifi.c polysaccharide, it is now 

knoym that immunity may :llso be induced by chemically modified end denoly- 

mcrized forms of the carbohydrate. It is of great interest, therefore, to 

ascertain v:hcthcr immunity to Typo III Pncumococcus infection cm be induced 

by the immunization of animals vlith the aldobionic acid unit of the poly- 

saccharide molecule, Consequently F method for tho synthesis of rldobionides 

has been devised, rnd used in the successful svnth~~sis ni' the p-pminobenzyl 

glycoside of cellobiuronic rcid. This d::ri~rative, vhcn combined r**ith pro- 

tein by means of the dirP.zo reaction has yielded an prtificirl cellobiuronic 

acid-protein fntigcn which tixhibit: ?pny of the scrologicrl charrcteristics 

of tho Type III polysacchrride itself. The nntigc,n prccipitctes both in 

antipncumococcus Type III horse pnd rabbit sera in high dilutions, but not 

in the normal serr of thcsc species. Experimental animals arc being im- 

munized with the antigen rnd the results will bc reported later. 

The nature of for-r1 prothrombin (Schoenhcyder rnd Corbel). Dc- 

ficicncy of vitamin K causes r hemorrhagic dirthcsis in chicks 17fhich is 

?ccomprnied by r disappearance from tho pl::smr of the clotting frctor, pro- 

thrombin. In collaborrtion with Dr. Fritz Schoenhcyder ;n investigation con- 

cerning the mechanism underlying this alteration in ohysiological function 

ws initi:,tcd lrst July through :' study of the cho~~icrl n-turc of the pro- 
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thrombin of norm31 folvl pl-smr rnd P comparison of this plrsm? frrction 193th 

thrt derived from the plrsmr of vitrmin K deficient birds. 

A qwntit?tive method for the cstimrtion of prothrombin vvs de- 

vised, r procedure la/hich ws used to grwt Cqdvrntrge in studying the chcmi- 

crl frcctionption of the active :gent. Ry frrctionpting fibrinogen-free 

plpsmc r*t o" v4th rmmoniua sulfite it is possible to ohtrin the prothrombic 

rctivity in tho frrrction insoluble in 7565 ?er cent srturrtion. Further 

frttction?.tion r*ith ncutrpl srlt solutions is not fcrsiblc. Howver, ;Id- 

sorption Pnd clwtion of this mrtcrirl on colloidal pcls results in P shrrp 

scpnrrtion of inert protein from the nctive principle, on the brsis of ni- 

trogen content it is possible to obtrin prothrombin solutions l.rith rn cc- 

tivity nerrly one hundred fold grwtcr thrn th?t of the pl:*smr from +ich 

it WPS derived. Solutions of prothroqbin thus isolrtcd rre ouitc str"ble 

rbove pH 7.0 rnd very unstr'hlc: in the. acid rrnfrc. Although foV*rl prothroabin, 

PS w hrw obtrincd it, is probnbly not r wre chc:nicrl entity, yet from 

its chemicrl chrrrctcristics, its thcr~ol~bility, ad its susceptibility to 

enzymrtic hydrolysis, the substrnce r!~pe:~rs to be :, protein endowd 13th 

certpin unique chenlicrl rnd biologic?1 ch?roctcristics Iwhich distinguish it 

shrrply from other olrsmr proteins. Dr. Schoenheyder's return to Dcnmrrk 

in Jr?.nuary termiwted the reswrch ct this juncture. 

Prepnrntion F,nd use of ferrous gluconr-t;:: in hypochromiq :nemir 

(Reznikoff Fnd Goebel). In collFborrtion t?ith Dr, Prul Pcznil,-off of the 

Depcrtmcnt of Yedicine, Cornell Medical Collcgc, w hpvc rttcmpted to pre- 

prre wter soluble iron compound v!hich wn be rdainistered prrenterrlly. A 

therppcuticrlly effective 2nd rerdily pssimilc ble comnound of iron is grcrt- 

ly to be desired in conducting studi.es on hemoglobin since prrcnterrl rd- 

ministrrtion elimiwtce the uncertrinty of rbsorbtion rcgenerPtion, It is 

believed thrt the low1 tissue necrosis crused by tho injection of inorwnic 
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salts, PS l*rell r s the grstro intcstinrl distress which frcouently rccomprnics 

their oral rdministrr tion, mry be rttributcd to their crpPcity to ?ct PS nro- 

tein precipitcnts. Ferrous gluconrte, t,he iron srlt of the polyhydroxy orp?n- 

ic rcid glucuronic rcid, does not prccipitrte protein bccruse the iron is in 

P un%iznblc complex combinCqtion rnG.t,h the crrboxyl rnd hydroxyl grouns of the 

hexonic rcid. P orPcticrMc rnd incxpinsive method for the Froduction of 

crystrllinc ferrws gluconrtc hFs been devised. Ferrous gluconr te cornqr rcs 

very f r vow bly vfith inorgrnic iron comnoundw in giving rrDid rnd mrrked rc- 

ticulocyte, red cell rnd hc:moglobin rcs?onscs both in ,?nrosi.c ?lbino rrts 

rnd in humr ns suffcrinf: f’ronl hypochromic rrw+p. Prticnts shwing toxic 

rerctions to other iron compounds ‘“crc: t blc to tolcrrtc ferrous gluconr te 

Iq:ithout rny undue distress. In prticnts ~30 reccivc ferrous gluconrte i.ntrr- 

musculrrly no systcqic rnd only rrre rnd lild 10~1 rerctions occurred, In 

viw of the efficrcy of the orrl rnd prrcnterrl rdministrrtion of ferrous 

gluconrtc rnd its lrck of toxicity the drug ;?osscsses pro?crties l!Ihich ren- 

der it of vrlue in the trwtmcnt of hypochromic iTIlc?liF. 

Viability of Dneumococci in dried s,utum ?nd blood (StiLLmrn) In 

continuing the errlicr c$dcmiologiwl studies on the mode of dissemination 

of the diser se-producing types of pneumococcus, experiments hFve been wrried 

out to determine Trhethcr these orgrnisms cm survive for long periods’of time 

in dried sputum under condjtions simulrting those encountered outside the bidy. 

Smrll qwntities of spubum freshly obtr?ned from patients 4th 

know types of pneumonifl wrc placed in p scriLs of test tubes stop?ered 

l.*i th cotton plugs ; one sc,t of tubes V-S -plrced pt room teapcrrture 5.n dif- 

fuse &ylight rnd the rrthpr in the icebox rt : ti?yxr'. turc of rbout 40°F. At 

intcrwls, dupliw tc specimens of the snutum *,*hicll h* d dric d rt different 

t,em?tir?turcs rnd under vrrying condltinns of humidity ;lnd 1!ght wre emulsi- 

ficd in booth ?nd injcctcd into mice. If the: virulent ?neumococci origiwlly 



present in the sputum remcincd virblc in the dried specimen, the inoculrted 

mouse died of infection and pneumococci of the homologous type wre recovered 

in cultures of the rniwl's blood :,t rutopsy, 

In several instrnces ppc I pneumococci remrined viable in dried 

sputum rfter exnosure for 16 .-yeeks rt room tem?crFture: '&pe II pftcr 1'7 

weeks; Type III after 20 woks. Dfbspite the grcrt vrrirmtions in the number 

or org?nisms present in individurl qccimcns of sputum, rnd the wrked dif- 

ferences in the physicrl rnd chc~iwl propertics of the vrrious SF~$CS, it 

rnpy be conserwtively strted that the rvczrg<: time of surviwl of 'Qpe I 

organisms in dried sputum is 4 I*fecks, Type II 6 l**eeks nnd Type III 8 VIeeks. 

The length of time during l*rhich pncumococci rcmrlncd viable in 

specimens of sputum stored in the icebox is considerrbly lower. Under 

these conditions Type I pneumococci 'WY rccavered frnm specimens rfter l!i 

weks, Type II 26 y.rc.eks,rnd Type ITT 16 welts, In one instrnce vpe II 

pneumococci vrere found to be virblc in snkcinlcns of sputum 1-vhich hrd been 

stored in the icebox for 41 weeks. 

The results indicrte thrt under these apcrimantnl conditions 

pneumocacci can rcm,?in viable rnd virulent for long r>a-dads of time in 

dried sputum rnd the findings suggest that these orgnnisms m?y suPvivc nnd 

rntsin their diserse-producing properties under the more rigoroys conditiong 

of the outside :vorld for longer periods of time thrn hrs generrlly been 

supposed. 

Similrr studies pre under wny to determine the surviwl pnd depth 

rpte of pneumococci in dried rpbbit’s blood. To defihrirwted blood, mcrsured 

qwntities of pncumococci of the different types '".erc rdded, rnd the inocu- 

lrted specimens qqerc rllo-red to dry under wnditiws simi1r-r tn those used 

in the experiments with snutum. Types I rnd If pneuaococci hrvc been re- 

covered from spocimcns of dried blond +ich hrd been kept for tt-0 months 
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exposed to the air under the cnnditicns of tempcrrture, light rnd humidity 

prevniling in the Pborrtory. Hnwver, specimens cxcomincd Pfter ? months 

friled to yield viable organisms. On the other hrnd Type III pncumococci 

it 

I 

‘C 

under identicrl conditions h:vc rcTpincd vir‘ble Fnd virulent up to the 

prcscnt time, 8 mwths rfttir the initirl obscrvntions. 

The producti,?n of cxpcrimcnW1 ?stocmyclitis in r?bbits by intw- 

vaous infection with Strpbylocnccus wr'cus (Thqmpscn rnd Dubos), In the 

cnursc of experiments dcsigncd tr? compare the virulence of diffcrcnt strains 

nf Strphylocnccus in rrbbits, it V,cs obscrvod thrt aevc;r?l rnimrls devclnpcd 

~11 ch?rrctcrized bone lesiws fqllql**ing the intrpvcnnus injectiw of c cer- 

tilin strrin of Staphylocqccus rureus, In viw nf the cwflicting strtemcnts 

in the liternture cnnccrning the Fqssibility mf prnduci.ng strnhylwncwl w- 

teqmyclitis in cxncrimcctrl rnimpls, ?n rttcrlpt vs mrdc tz understpnd the 

conditions under !vhich wbbits rr:sawd tn thl: injcctiqn of this strain r?f 

st?phylqcoccus by the dtivclnqment of bwe inflCnqm?tiw. 

The virulence <If the stwin ws rrised by rnimpl prssrgc rnd es- 

pt?cirlly by iwlrtiqn fr?m r bone rbsccss prqduccd in P rabbit by the in- 

jection of :! large nmount Qf culture, In mqst *>f the experiments rn rttempt 

wns mrde tq produce in the rabbits T 1% degrue of immunity by injection nf 

suspensions of killed atrphylwocci, priw tn infection, In the hope of 

thereby obtaining FL relrtively prolonged course of the infection w thrt 

mncrwcopicplly recognisrble losiws might dovcl?p before the dceth of the 

pnimnl. 

Young rrbbits 'vex-e injwted intrrvennusly rrith swll dnses cf 

culture t-nd qgrere observed dloily for the devcl?~ment nf :lny welling, tender- 

ness or loss of functiqn in the limbs; in s-me of the experiments g-rpy 

phr)tqgrpphs wre tpken of the pnim?ls bcf>re dwth, pnd rlsr, r?f nny inflrmed 

brines Pfter remowl frnm the br?dy nt ~utwsy. At the rulqsics DrrticulPr 



ettentiqn VPS prid to the conditinn of the jr)int.s in the hi>Di: of determining 

whether lesions in the nctcohysis qf the l*;ng bqnes '"cre due t- r primPry 

ostenmyelitis ?r to 11 sprerd frnm r primFry gurulent rrthritis. 

Hl rnimmls in ~11 hcvc: bc;cn used. 9 qf these rnim;ls died shortly 

after they hrd been infected bcf?rc sufficient time hyd elapsed tn ~11~ the 

develqpmcnt qf bqne lcsiqns rccqgnisrblc I-rith the nrkcd eye. Of the 22 oni- 

mrls in which the infcctiqn :assumcd c subrcuto carsc lrsl--ing frnm 1 to 3 

weeks, 18 'jr 81.85 shqy:!od definite mpcrnscqpic evidence of bqno infl?mm.gti%, 

The bclne lesions vpricd fr,yrn mcrc spftuning mnd hypcrpeair -7ith multinle sub- 

periostcnl bleeding p?int,s, t-J Frtvrnced ;Ibsccss frlrmptiqn llrith suppurption 

rnd extensive bnny destructinn. In cases Irhere frnnk suppurrtiqn rnd bqny 

destruction v'ere rbscnt, micrfisc?nic exrmin-ti,.n qf st?inod films ?f the b7ne 

rnPrre/w benenth tho inflrmcd rcgi.f>n shr)wcd in every CRS~ the presence 1-f Grrm- 

pQ,sitive cocci rnd of rn inflpmmntnry rcrctit?n. !iS bnnc: lcsi*n.s l:rere present 

in the 18 crnimrls; of these 47 qccurrcd in the mctr~hysis ?f the l%g bones, 

yet only 8 ~?~erc flss%irtcd r:ith P purulent rrthritis, 

Sevarol prints of interest hFVt? cmergcd suggesting f‘ close Simil- 

nrity between the cxperimentrl c-)nditi?n rnd st~phylocncc81 ?stenmyelitis in 
., 

children, Firatly, tho cherPcteri8ti.c nrcdilectiw of the orgrnism tnspro- 

duct inflr!wtion in tho mctrphysis nf the lr3ng bwcs; sewndly, the reln- 

tive infrequency of sprl?pcI of P .netn.?hysipl abscess thrqugh the epiphysis 

into the neighboring joint cavity rnd, thirdly, the pyrexirl carse of the 

infection in the ncute stpge, rvith :" lr,:~o int!, P chrrmic conditiqn qf pro- 

grcssive suppurrtion, if the -nimrl gurvive tht: pcutc stage. 

The results ?f the vrrnrk indicrte tllrt it is Dqssiblc tq produce ' 

cqnsistently infl~mmPti~n r:f the bcnes ,,? rrbbits by the mere introvennus 

injection r:f r suitpble strain -f str~hyl?c"ccus 1.7ith>ut rosmrting t? Pny 

elobcrctc ?perrtivc technique r'esigned t.rl IVYlise the .‘r?:‘nisms in the b?nes. 
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